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(57) [Abstract] 

[Problem] It can apply to hosiery, tights, judge, s 
wimvvear , rope, the fishing net and sewing yarn etc, 
by corrparison with poly trirrethylene terephthalate 
fiber of the public knowledge, offer of high strength 
polyester fiber and its production method where 
remains elongation ishighsinoiltaneously with high 
strength, holds low elastic modulus and high elastic 
recovery ratio. 

[Means of Solution] It is constituted substantially fro 
mpoly trirrethylene terephthalate, relationship 
betweenthe strength 5 g^d or greater , elongation 20 
to 40%, elastic modulus QHg/d) and elastic recovery 
ratio R(%) satisfies Formula ( 1), thehigh strength 
polyester fiber and its production method where peak 
temperature of loss tangent is 97 to 120 °C. 



O. 2<Q/R<0. 45 
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[Claim(s)] 

[Qaiml] It is constituted substantially from poly trim 
ethylene terephthalate, relationship betweenthe 
strength 5 g^d or greater , elongation 20 to 40 % , 
elastic modulus Q(g^d) and elastic recovery ratio R(%) 
satisfies Formula ( 1), thehigh strength polyester fiber 
which designates that peak temperature of loss tangent 
is 97 to 120°Casfeature. 

0.2 QfR 0.45 ***(1) 

[Claim 2] Polymer where intrinsic viscosity 1 or more 
is formed substantially fromthepoly trirrethylene 
terephthalate after melting from spinneret extrusion , 
Passing tenperature-holding region of length 5 to 100 
cm which is kept in atmospheric temperature of 80 to 
200 °Cwhich provides dissolving multifilament in 
spinneret directly below, you control edsudden cooling 
rear, quench doing this dissolving multifilament, 
production method of high strength polyester fiber of 
theGaim 1 which designates that it changes into solid 
multifilament, takeup ,obtains undrawn rrultifilament 
first with 300 to 1500 mfain, after retracting this 
undrawn multifilamentonce or it offers to stretching 
process without retracting, heat treatment does 
nextunder tension as feature. 



[0OO1] 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regar 
ds high strength polyester fiber. Furthermore as for 
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detai Is, it could raise strength which isrevealed, it 
regards preferred poly trimethylene terephthaJate fiber 
and its production method in hosiery , tights ,the 
judge, swirnwear, rope, fishing net and sewing 
yarn etc. 

[0002] 

[Prior Art] Is represented in terephthalic acid or dimethy 
1 terephthalate lower alcohol ester of terephthalic acid 
which, condensation polymerization doing 
trirrethylene glycol (1,3 -propanediol), poly 
tri methylene terephthalate which is acquired is epoch- 
making polyrrerwhich has perforrrance which 
resembles to polyethylene terephthalate such as 
property andthe light resistance , heat set property, 
dimensional stability and low moisture absorption 
which resemble to thepolyarride such as elastic 
recovery, low elastic modulus (soft texture) and ease 
of dyeing which are superior,it utilizes feature and is 
applied to BCF carpet, brush and the tennis gut etc ( 
Japan Unexamined Patent Publication Hei 9-3724 
disclosure, Japan Urexarrined Patent Publication Hei 
8 -173244 disclosure and Japan Unexamined Patent 
Publication Hei 5 -262862 disclosure ). 

[0003] When namely, poly trirrethylene terephthalate fi 
ber is used, when property of polyarride fiber that is 
improved,the light resistance and heat set property or 
other performance are low, simultaneously, because it 
becornespossible to offer polyarride similar fiber such 
as elastic recovery , low elastic modulus (soft 
texture)and ease of dyeing which are superior, 
possibility which can surpass the existing polyarride 
fiber is high. 

[0004] But, strength of poly trirrethylene terephthalate 
fiber is 4 g'd extent at highest and ( for example Japan 
Unexamined Patent Publication Showa 52 -5320 
disclosure ), thecase where applications development is 
assured to application , for example hosiery, tights, 
the judge, swimwear, rope, fishing net and 
sewing yam etc to whichthe 5 g'd or greater is 
required high strength relatively, necessity becomes, as 
forthat kind of high strength poly trirrEthylene 
terephthalate fiber it is not known by all means so far 
that strengthof polytrimethylene terephthalate fiber is 
raised 

[0005] It is not clear concerning reason which strength 
of poly trimethylene terephthalate fiber isdifficult to 
reveal. But, With examination of these inventors, It 
compares with polyethylene terephthalate fiber when, 
As for r^lyethylerK terephtlialate rnolecule in order 
orientation to do, number of molecules of unit per 
cross-sectional area inthe fiber becoming many in form 
which is close to straight line, asfor strength it becomes 
high, but as for poly trimethylene terephthalate 
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molecule at middle methylene partamount of 
trimethylene portion molecule to be large shape which 
bending isdone most stability in order to take structure, 
number of molecules of unit per cross-sectional 
areabecame small in thermocfynanic and it understood 
that strength becomeslow. Therefore, design of yarn- 
spinning method which considers special molecular 
structure by allmeans becomes necessary in high 
strengthening of poly trimethylene terephthalate fiber 
but, this kind ofexarrination is not reported so far. 

[0006] 

[Problems to be Solved by the Invention] It is to try to 
offer poly trimethylene terephthalate fiber and its 
production method which in industrially itcan 
produce problem of this invention, in stability, had 
strength of the5 g/d or greater. 

[0007] 

[Means to Solve the Problems] These inventors, streng 
th in order to improve, property of poly trimethylene 
terephthalate polymer, the spinning condition by tact 
that it sets to quite specific narrow range,discovered 
possibility which can solve above-mentioned problem, 
furthermore result of examination, arrived in this 
invention first of namely, this invention is formed 
substantially from poly trimethylene terephthalate, 
relationship between strength 5 g^d or greater , 
elongation 20 to 40 % , elastic modulus Q(g^d) and 
elastic recovery ratio R(%)satisfies Formula (1), strength 
polyester fiber which designates that peak temperature 
of the loss tangent is 97 to 120 °C as feature, is, 



0.2 QfR 0.45 



'0) 



As for second of this invention, polymer where intrins 
ic viscosity 1 or more is formed substantially from 
thepoly trimethylene terephthalate after melting from 
spinneret extrusion , Passing temperature-holding 
region of length 5 to 100 cm which is kept in 
atmospheric temperature o£80 to 200 °Cwhich 
provides dissolving mitifilament in spinneret 
directly below, you controleosudden cooling rear, 
quench doing this dissolving multifilament, 
production method of high strength polyester fiber of 
theGaim 1 which designates that it changes into solid 
multifilament, takeup ,obtains undrawn multifilament 
first with 300 to 1500 nVnin, after retracting this 
undrawn multifilamentonce or it offers to stretching 
process without retracting, heat treatment does 
nextunder tension as feature, is. 

[0008] Polymer which is used for this invention, subst 
antially condensation polymerization doingthe 
terephthalic acid and 1, 3-propanediol, is poly 
trimethylene terephthalate which is acquired 
Regarding to this invention, substantially, even when 
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being a poly trimethyiene terephthalate homopolyrrer, 
itshows feet that it is possible to be a poly trimethylene 
terephthalate copolymer which it shows below. In 
range which does not irrpair effect of namely, this 
invention, isophthalic acid , the succinic acid , adipic 
acid , 2,6 -naphtr^enedicarfxjxylic acid , 5 -sulfo 
isophthalic acid tetra butyl POS ja3 ja2 ^ A salt or 
other acid component andthe 1,4 -butanediol , 1,6- 
hexanediol , cyclohexane dimethanol or other glycol 
component , -caprolactone , 4 -hydroxybenzoic 
acid, polyoxyethylene glycol andthe 
polytetramethylene glycol etc may be copolyrrerized 
under 10 weight % (wt%). 

[0009] In addition, according to need and various ad 
ditive , or it is possible tocopolyrrerize mix for 
exarrple matting agent , heat stabilizer , foam inhibitor , 
bluing agent , the flame retardant , antioxidant, 
ultraviolet absorber , infrared absorber , crystal 
nucleating agent and fluorescent whitener etc. 
Besides it becomes possible as for polymer using for 
this invention, tobe desirable, for content of oligomer 
of trimethylene terephthalate to be 3 wt% or less,to 
avoid strength decrease due to feather with this, it can 
guarantee thespinning stability which is necessary for 
industrially. Furthermore trimethylene terephthalate 
oligomer, also is possible to be oligomerwhere 
usually trimethylene terephthalate unit is connected 2 
to 4, be linear structureto be ring structure. When it 
exceeds 3 wt%, when for exarrple yarn-spinning it 
does, oligorreipredpitatestospinr^etsurroimdir^ 
yarn break and feather happen Furthermore in order 
to do lengthy yarn-spinning here, 1.5 wt% or less 
isdesirable, fiirtrmrjore it is a preferably 1 wt%. 
Fiirthermore, in point that, 0.5 wt% or less , 
furthermore preferably 0.3 wt% or less isdesirable, 
feather of fiber which is acquireddecr eases, ideal is 
uncontained of course. 

[0010] Furthermore, it is desirable in polymer which is 
used for this inventionextension of more wiping cycle 
colors inside this range unless, for thecontent of 
organic substance of molecular weight 30 0 or below 
to be 1 wt% or less, performance that can beguaranteed 
is superior in light resistance, organic substance of 
molecular weight 30 0 or below referred to here is 
organic substance which isnotcopolymerized in 
polymer. According to examination of these inventors, 
as organic substance of molecular weight 30 0 or 
below,the allyl alcohol , acrolein , 2 -butanol , 
hexanol , heptanol , glycidyl methyl ether andthe 
oxypropyl methyl ether etc exist, fact that total weight 
of these compound producesbig effect on moldability , 
product durability and weather resistance was 
discovered When content of organic substance of 
molecular weight 30 0 or below exceeds 1 wt%, when 
the for exarrple yarn-spinning doing, it becomes 
something which yam break and feather becomeeasy, 
to occur are easy to color with light. Furthermore 
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content of organic substance of preferably and 
molecular weight 30 0 or below is the5000 ppmor less, 
is particularly preferably and 1000 ppmor less. Of 
course, it isauncontained in ideal . 

[001 1] As for polymer which is used for this invention, 
it is desirable for the melting point to be 227 °C or 
higher. Here melting point, peak value of peak which 
is thought melting inrange of 220 to 250 °C it defines. 
When melting peak multiple it exists, (Also shoulder 
peak includes. ) designates peak of thelow temperature 
as melting point, melting point under 227 °C 
decrease of weather resistance becomes easy tohappen 
When for example one time poly tri methylene 
terephthalate is synthesized, polymer solid phase 
polymerization isdone with 200 °C extent, it can 
decrease oligomer amount largely. But, when solid 
phase polymerization is done, melting point of 
starting material polymer decreases the largely, 
becomes state which is not full even in 225 °C. In 
this kind of polymer, trimethylene glycol doing, 
dimerization bis -3 -hydroxypropyl ether which 
isformed is copolymerized in large scale, result, 
spinning stability and weather resistancewhere amount 
of carboxyl endgroups increases are easy to decrease. 
It is a 230 °C or higher as melting point of desirable 
polymer, furthermore is apreferably 233 °C or higher. 

[0012] As for polymer which is used for this invention, 
intrinsic viscosity [ ] is 1 or more,furthermore is 
preferably 1 . 2 or more. In this range, fiber which is 
superior in strength and spirmii^prcpertycanbe 
acquired. When intrinsic viscosity is under 1, 
because molecular weight of polymer istoo low, 
strength manifestation becomes difficult. When 
intrinsic viscosity exceeds 2.5 conversely, because 
because melt viscosityis too high melt fracture and 
yarn-spinning defect occur at time of yarn- 
spirmingfhere is not a preferably. 

[0013] Desirable one example is listed as production m 
ethod of polymer which is usedfor this invention, if is, 
terephthalic acid or dimethyl terephthalate is 
designated as thestarting material, trimethylene glycol 
metal acetate one, two kinds or more such as calcium 
acetate, magnesium acetate , zinc acetate , the cobalt 
acetate and manganese acetate 0.03 to 0. 1 wt% is 
added in this, under ambient pressure orunder 
pressurizing bis hydroxypropyl terephthalate is 
obtained with ester exchange ratio 90 to 98%. This 
way in order to achieve object of this invention, it is 
desirableto use metal acetate other than transition metal. 



[0 0 14] &\z % **>t V?atr*vh\ *$Of- 
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[0014] Next, preferably 0.03 to 0. 1 5 wt% , furthermor 
e preferably 0.03 to 0. 1 wt% it adds one, two kinds or 
more of catalystsuch as titanium terra isopropoxide , 
titanium terra butoxide and antimony trioxide, under 
vacuumreactswith 250 to 270 °C With optional step 
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of polymerization, to insert thestabilizer before 
prefei^ly condensation polymerization, whiteness of 
resin composition, it is desirable withthe viewpoint 
where poly trimethyiene terephthalate oligomer and 
molecular weight can control organic substance amount 
of the30 0 or below in certain amount. As stabilizer in 
this case, phosphorus compound and hindered phenol 
compound of pentavalent and/or trivalent aredesirable. 
As phosphorus compound of pentavalent and/or 
trivalent, you can list trimethyl phosphate , triethyl 
phosphate , the triburyl phosphate , triphenyl 
phosphate, trimethyl phosphite , triethyl phosphite , 
tributyl phosphite and triphenyl phosphite etc, 
especially, trimethyl phosphite is desirable, hindered 
phenol compound is phenol type derivative which has 
substituent which possesses geometric constraintin 
vicinal position of phenol type hydroxy group, it is a 
compound which possesses ester bond ofthe one or 
more in intramolecular. 

[0015] Concretely, it can illustrate pentaerythritol -terra 
kis [3(3,5-di -tert butyl -4 -hydroxyphenyl) 
propionate], 1 , 1 ,3 -tris (2 -rrethyW -hydroxy -5 -t- 
butyl phenyl) butane , 1 3,5 -trimethyl -2,4,6 -tris (3,5- 
di -t-butyl -4 -hydroxy benzyl) benzene , the3,9 -bis 
{2 -[3 -{3 -t-butyl -4 -hydroxy -5 -methylpheryl) 
propionyl oxy] -1,1 -di methylethyl} -2,4,8,10 -tetra 
oxa spiro [5,5] undecane , 1 3,5 -tris (4 -t-butyl -3 - 
hydroxy -2,6-di methylbenzene) isophthalic acid , 
triethyl glycol -bis [3(3 -t-butyl -5 -rrethyM - 
hydroxyphenyl) propionate], 1 ,6 -hexanediol -bis [3 - 
(3,5-di -t-butyl -4 -hydroxyphenyl) propionate], 2,2 - 
thio-di ethylene -bis [3(3,5-di -tert butyl -4 - 
hydroxyphenyl) propionate] and octadecyl -3 -{3,5-di - 
t-butyl -4 -hydroxyphenyl) propionate ]. 
pentaerythritol -tetrakis [3(3,5-di -tert butyl -4 - 
hydroxyphenyl) propionate] is desirable even among 
them 



[0016] There is a property which is shown generally ne 
xt in polymer which isacquired with above-mentioned 
method content of bis -3 -hydroxypropyl ether which 
is copolymerized is 0. 1 wt% or less. In addition, when 
hue is shown with b value, it is a 3 or less thel 0 or 
below, depending upon when. In addition, amount 
of carboxyl endgroups is 10 to 35 mg eqirivAg. As 
for high strength polyester fiber of this invention, 
strength is 5 g^d or greater, intrinsic viscosity of 
polymer which you use, amount of impurity and 
spinning condition as forany optimum things, 6 to 7 
g/d are possible fiber. 

[0017] One of feature of high strength polyester fiber o 
f this invention, raising strength, isthat elongation is 
not under 20%. When for example polyethylene 
terephthalate raises draw ratio, increases strength also 

P.7 
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fc«MH6*su s±#tf*y«3S«)7 6 96aaL3ft«ctta) 
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[00 1 8] *&^<Z>ia8g*°yxxx;Ml*tl;t, 3*tt 
(g/d) fc2 0%#fi«1#Pdltt«a<D9|lttlfiHI*R ( 



0. 2<Q/R<0. 45 



(1) 



Q/R>0. 4 5-ett5Ptt*3SWraf*fc»f=, V7hMS 

R<0. 2£fcS««te5UtSftL£l*fc», **SUC*51*t: 
l* % 0. 2£Q/R<DTH#i:LTL*4 0 * (1) MBHtfc 

l*8 0-9 9%£ft&„ 



[001 9] **M<D*»aiKyxxxiHi*tt % i&M&^tt 

BSI5-r^>) ^97-1 2 0°CV&%Ztti<i&WVfoZ> o Tma 

oT<£ 0 TmaxA<9 7t*a-Ctt, ^ fl B B gP^<D»^g/)< 
«r#T, *ag£S/aT-$ftl\, *fc % Tmaxri<12 0°C 

ay* *a*<*±L^r<ft*. #*L<ii, 10 
8-11 5 a C-eft4JsTF, *«eBo>ia3*g*'yx^-f;u««* 



[0020] -r&t^s a«ttg3&<iei±©sji«i^7Ky hy 
J: y nth u »ir^u*:7 -r 5/ > hSttnttTizRitfe 8 o 

- 2 0 0°C<Z)5?Hm;£gl::£8 Lfc££ 5 - 1 0 o c m(DS;g 

<C7*>h£&ftLXBL&'*)l' s f-y4 7*>HzMjL M 300 
-1 5 0 0m/m i nT?3l£tty. *1"*B#7;U* 7 -T 5 * 



elong^tiondecreases greatly, finally goes down to 
several % This poly trimethylene terephthalate 
molecule bending of type Z shows crystal structure 
which is done,the 76 % of complete extension drill 
structure does and derives inwithout being length of c 
axis This way raising strength, it becomes fiber which 
because theelongation remains is superior in toughness. 
Furthermore , with kind of draw ratio where elongation 
exceedsthe 40 % strength manifestation ratio is small, 
does not satisfy object of the this invention. It is a 
preferably and a 20 to 30 %. 

[00 1 8] In addition, as for high strength polyester fiber 
of this invention, it is necessary for the elastic 
modulus CXgtt) and after 20 % elongation elastic 
recovery ratio R(%) after 1 minute leaving to satisfy 
theForrnula(l). 



0.2 Q/R 0.45 



'(1) 



With CyR>0.45 soft texture is not acquired because el 
astic modulus is toohigh, or or elastic recovery 
becomes insufficient, one time stress joins andthe fiber 
which it becomes deformed stops returning to origin, 
onlythe cloth where shape stability is bad can acquire. 
Conversely, region which becomes QfRO.2 because 
substance itdoes not exist, regarding to this invention, 
has designated 0.2 asthe lower limit of Q/R As for 
exemplary elastic modulus which can become range of 
Formula (1), usually as for 25 to 40 g'd and elastic 
recovery ratio it becomes 80 to 99 %. 

[00 1 9] As for high strength polyester fiber of this inve 
ntion, it is necessary for peak temperature (Below, 
Trrax you briefly describe. ) of theloss tangent which 
is sought from dynamic viscoelasticity measurement to 
be 97 to 120 °C Because Tmax corresponds to 
molecule density of noncrystalline part, molecule 
density ofthe extent noncrystalline part where this 
value becomes large becomes high In order to achieve 
high strength, orientation of noncrystalline part, 
namelyincrease of molecule density becomes necessary. 
Tmax under 97 °C, molecule density of noncrystalline 
part being too low,cannot achieve high strength. In 
addition, when Tmax it is high in comparison with 
120 °C ,orientation of noncrystalline part being too 
high, fiber becomes weakvis-a-vis compression and 
balding, feather becomes easy to occur. Below being 
a preferably and a 108 to 1 15 °C, method which 
high strength polyester fiber of the this invention yarn- 
spinning is done is shown. 

[0020] Polymer where namely, intrinsic viscosity 1 or 
more is formed substantially fromthepoly trimethylene 
terephthalate after melting fromspinneret extrusion , 
Passing tenperature-holding region of length 5 to 1 00 
cm which is kept in atmospheric temperature of 80 to 
200 °Cwhich provides dissolving multifilament in 
spinneret directly below, you controledsudden cooling 
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[0021] cc-eg^xaicttrctitt, tt**fxofctt 

l±**LJa±<D p £ ^PpIT*. *- fc4 LM* &gtB# * ft 3 cfc 



[0 0 2 2] *36SB<3D»aa* l JxX-r;Hi*<OSjgs4l4» * 
U 6»<Dtt*»8*< 2 3 0-3 2 0°Cffe& 
Ci*<»*L<. »C»*L<I42 3 5-3 0 0^ 
L< (4 240-28 0°C4)^&T*fc£ o J&*fflgj&<2 3 0°C* 

&<fc<5o 



[0 0 2 3] *(De»agf=OL^TIi, #{=*llBli4l^ a 
S3O0-1 5 0 0m/m i nt* l J, *?£L< 14 3 0 0-1 
OOOm/min, £ b K*J S L < it 3 0 O - 5 0 0 m/m i 
iTC«*K6 Q *»ag#1 5 0 0m/m i nZm^Zts « 

twsmi=«a<b*<a*a#, B#ffa-cs#ft**±tf4c 



[0024] mvmomto&mit* tt*ascttfft*fca6i: 



rear, quench doing this dissolving rrultifllarnent, it is a 
production method of high strength polyester fiber 
thatit changes into solid miltifilament, takeup , obtains 
undrawn railtifilarnent first with the300 to 1500 nVrrin, 
after retracting this undrawn multifilament once or it 
offers to stretching processwithout retracting, does heat 
treatment next under tensioa 

[002 1 ] It offers to stretching process here, thing, After 
doing yarrhspinriing , in bobbin etc windup , This 
yarn making use of another equipment you draw, so- 
called, usually drawing rrcthod to point, In addition, 
polymer which was pushed out compared to spinneret 
did cooling and solidificationcompletely rear, In in first 
roll which is turning with fixed rate several times 
beingwound to depend, tension with approximately of 
roll that tried is rottransmitted completely, second roll 
which first roll and first roll isinstalled next, 
furthermore third which lines up in same wayor with 
roll above that, it seems that does single or 
themultistep drawing, yarn-spinning and twisting step 
direct connection did, so-called and it points to 
drawing method directly. 

[0022] As for production method of high strength pol 
yester fiber of this invention, when melt spinning 
doing the polymer, it is desirable for spinning 
temperature to be 230 to 320 °C, furthermore itis a 
range of preferably 235 to 300 °C and particularly 
preferably 240 to 280 °C spinning temperature 
under 230 °C, temperature being too low, becomes 
difficultto become molten state which is stabilized, 
mottling of theflber which is acquired largp stops 
showing strength and elongationwhich in addition it 
can be satisfied In addition, when spirming 
temperature exceeds 320 °C, thermal decomposition 
becomesextreme, colors yarn which is acquired, stops 
showingthe strength and elongation which in 
addition it can be satisfied 

[0023] Concerning windup speed of yarn, especially re 
sanction it is not,but it is a 300 to 1 500 nynin 
usually, preferably 300 to 1000 mfain , furthermore 
itretractswith preferably 300 to 500 m/rrin When 
windup speed exceeds 1500 rrririn, before retracting, 
crystal 1 izati onadvances too much, because it is not 
possible to increase draw ratiowith drawing distance, it 
not to be possible feet that orientation itdoes molecule, 
it cannot reveal sufficient yam strength and becomes. 

[0024] As for draw ratio at time of drawing, it cannot sa 
yunconditionaJly because it depends on spinning rate, 
but usuallythe 2 to 6-fold and preferably 3 to 5 
times are good draw ratio with 2 times or less, 
orientation cannot do polymer in fullywith drawing , 
intensity and elastic recovery ratio of yarn whichis 
acquired become low ones. In addition with 6 times or 
more yam break stabilizing, cannot be extreme,do 
drawing. 
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[0026] jK'J m;^u>^U7*u-m*, *° 

4±-ca«>r#ja4*a'cfc* 0 8 o^as-eiiST*^** 
i<py. E*f&»s±(fi=< <ft* B 2oo°c^±-cii 

-2oo°c-t*fcy, &$l< tti 00-1 5 0 o c-ea&& o *t 

0-50 cmtS5 0 



[0027] *«M^)iSiia7Ky xxx;u«*to>Si6*att, 
#*#»**r < ft y . ^Htfa^r 4 c t * < ssshw * 

5o E# % -/->-ett3 0-8 0°C/|<#*L< , £b 

|C#$L<I*3 5-7 0°C, L<I*40°C- 6 5°CT* 

s^y-xoaa*^ o°c*»i?tts#<©i8(=*tt*i/i< 

* & £: g# a -n^ft <h* mm X J- >*t? imtMDft y tt*<»-lk 

*y-7-H±*«ryftitTL*3fc»+»ftEfii^^ 
b ft < ft y #tt@a*36<«Tr 4 . 



[0028] *«iao»agjKuxxT;ni«osisatt, s 

£L<, £bKJt?$ L<l*1 00-1 90°C. ttlzft£L<iZ 
110-1 90^3, 8!«liaStf9 0°C*«T-teS**t<D 



[0025] Passing terrperature-hol ding region of length 5 
to 100 cm which is kept in atmospheric temperature of 
80 to 200 °Cwhere production method of high 
strength polyester fiber of this invention quench does 
not do thedissolving radtifilament which comes out of 
spinneret at once, provides in the spinneret directly 
below, after control ing sudden cooling, quench doing 
this dissolvingrniltifilarrent, changing into solid 
multifilament, quite it is important to offer to 
thestretching process which continues By fact that 
this temperature-holding region is passed, polymer 
you control theformation of noncrystalline part which 
orientation is done in microscopic crystal, and 
thepolarity due to quench you can make amorphous 
structure which is easy to bedrawn with stretching 
process. 

[0026] Because poly tri methylene terephthalate has had 
much fast crystallization rate by comparison with 
thepolyestersuchas for example polyethylene 
terephthalate, feet that this kind of gradual cooling is 
done whencontroling formation of noncrystalline part 
which orientation is done is thequite effective method 
in microscopic crystal and polarity. Under 80 °C it 
becomes quench feeling somewhat, becomes difficultto 
increase draw ratio. In addition, with 200 °C or 
higher yarn break becomes easy to happen, 
temperature of this kind of temperature-holding region 
is 80 to 200 °C, is preferably 100 to 150 °C. In 
addition, length of this temperature-holding region is 5 
to 100 cm, is preferably 10 to 50 cm 

[0027] As for rnanufacturing method of high strength p 
olyester fiber of this invention, granting heat case ofthe 
drawing becomes desirable, molecule easy to move 
depending uponthis thermal grant, stability it is 
possible without featheroccurring to do drawing It 
can grant this kind of temperature with roll. With 
namely, drawing zone 30 to 80 °C is desirable, 
furthermore it is a preferably 35 to 70 °C and a 
particularly preferably 40 °C to 65 °G tenperature of 
drawing zone under 30 °C yarn break can occur 
frequentlythe case of drawing, can continue and cannot 
acquire fiber. In addition when it exceeds 80 °C, 
because drawing roll or other heated zone lubricity 
ofthe fiber which confronts deteriorates, single fiber 
break occurs frequently,becomes yarn of fluffed In 
addition, polymer does, because l ) it comes out, 
sufficientorientation stops catching and elastic recovery 
ratio decreases 

[0028] As for production method of high strength pol 
yester fiber of this invention, after doing drawing , 
furthermore doing drawing while, or it is necessary to 
do heat treatrrentunder tension. 90 to 220 °C is 
desirable, furthermore does this heat treatment with 
preferably 100 to 190 °C andthe particularly 



ISTA's Convert edKokai(tm), Version 1 .2 (There may be errors in the above translatioa ISTA cannot 
be held liable for any detriment fromits use. WWW: http://www.intlscience.com Tel: 800-430-5727) 



JP 99107036 Machine Translation 



[002 9] 



( 1 ) ffilSttg 

[00 3 0] 

[77] im 1/ (Cx (7? r -1) ) 
c->o 



preferably 110 to 190 °G heat treatment terrperature 
under 90 °C crystallization of fiber elastic 
recoverydeteri orates not to happen in fully. In 
addition, with temperature which is higher than 220 
°C fiberbeing heat treatment zone, it is cut off and 
cannot draw. In addition, heat treatment temperature 
being 1 60 to 200 °C, with relaxed state fluff andthe 
yam break are easy to occur. 

[0029] 

[Ernbodiment of Invention] Below, listing Working E 
xarrple, you explain this invention in detail, but 
untilyou say, this invention is not something which is 
limited by Working Example etcwithout. Furtherrnore 
it measured main measured value in Working Example 
with themethod below. 

(1) Intrinsic viscosity 

As for this intrinsic viscosity [ ] basis being attached 
to next pre-definedequation, it is a value which is 
sought. 

[0030] 

[Mathematical Formula 1] 



[003 1] %m3L<DT} rttJtS9 8%W±fl)o-9DP7i 

y -frvmMLtztf*) x'xf-^TKy v-conm^&cD 3 5°cr* 

<7>&g£* H-a«-caSLfc±IB»SiJ§i*<3!>*Sg'Cl!lofcfil 



(2) m&jEm 

atsaaai iohz, m&&&5*c/tt\zT. fcssicasit 

3ig£IEfg (t an 6) % fc«fci;»tt5Wt*S«£Lfc Q *0 

<Dbr—>ag-e*4Tma x (°C) *#*>fc„ ^;&i!g5 0 C/ 
m i n % ;HSJaa« 1 t O H z V$.&btz 0 



(3) Hk£ 

•fe-fa-B?- (#) «DSC*ffll\ 2 0°C/mi n (DffM2 
gtMOOml/mi n0S*»aT*-e»SLfc, C Ctfi 



[003 1] r of pre-defined equation is value which is di 
vided withthe viscosity of above-mentioned solvent 
itself which measured viscosity withthe 35 °C of dilute 
solution of polyester polymer which is melted with o- 
chlorophenol ofthe purity 98% or more, with same 
temperature relative viscosity is something which 
isdefined In addition C is solute weight due to gram 
unit in theabove-rnentioned solution 100 ml. 

(2) Loss tangent 

Making use of Orientech Corporation (DN 69-607-355 
0) make Rheovibron, in dry air, with measurement 
frequency 1 10 Hz andthe rate of temperature increase 
5 °C per ninute, loss tangent (tan ), and dynamic 
modulus in each temperature were measured From 
result, loss tangent -temperature curve was sought, 
Trrax (°Q which is a peak temperature ofthe loss 
tangent on this curve was sought. It sought with rate 
of temperature increase 5 °(7min and measurement 
frequency 110 Hz. 

(3) Melting point 

Making use of Seiko Instruments Inc. (DB 69-058-207 
7) make DSC, with heating rate of 20 °Qmin 
itmeasured with nitrogen stream Shimonaka of 1 00 
rri/rnin Here, peak value of peak of melting was 
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(5) #*fi3 0 0«T«)*«*a)fllJt*Si:SS 



(2) T*#fc^PP^Ai8t^b* 0, >lxX^ 
«(^*n*#**3 0 0U4TO*«»*#»fc o **fcf^i; 

^ (GC-MS) *<DSfitt«ft«*^ii6L, 



(6) gifflo]£$ 



[0 0 3 2] ««***-;/£BflffiJB2 0 cm7?gi5fi5ttt«fc3Bl 



W&®&m= (L-L' ) xlOO/L 
[00 3 3] 

[3EJSAI1] fU7Simv>f^tl, 3 v*- 
^£1 : 2<0^UitT*ttai*K SH* O| JV-g0O. 1wt% 
^«S-r*»K*;Ui"!?Ai:»tta/<^ha)»Aiftl (9: 1) 
SiDi. »^fc»aL2 4 0 o CT*xXx;i/3c&&J££5c*S£tr 
fco #6*ifcxxx^3cSk*llc^ji>T' h*vK*31S| 
/■K'J^-^CDO. 1wt96a*DL» 2 7 O'fcT? 2 RPaIKJ££tr 

-«i*o. iwt%r*fey, »*S3ooaTC!)*a*!i*tt, 

3 3 0 p pm, M&\*2 3 4 °CT*fco /c 0 



[0034] '&Z>tltzt^)-?-?vZf£%,tik£Vtz'&. 36m 



designated as melting point. 

(4) Quantification of poly trirnethyiene terephthalate oli 
gomer 

Polyester resin corrposition and polyester fiber which 
narrowing are done, 50 hours extractingwith 
chloroformmaking use of Soxhlet extractor, it 
showed with theweight % for sample which uses 
oligomer which is acquired 

(5) Structure determination of organic substance of mol 
ecular weight 30 0 or below quantification 

Organic substance of molecular weight 30 0 or below 
which fromchloroformliquid which is acquired with 
the(2) is included in polyester resin composition and 
fiber was sought. You analyzed making use of gas 
chromatography which has capillary column, column 
which it uses used 2 kinds of silicon-based and 
polyethylene glycol type. Concerning each 
component which it separates, making use of mass 
spectrum (GC -MS), themeasured weight drew up 
quantification line in structure deterrrination , sought 
concentration for samplewhich is used with ppm 

(6) Elastic recovery ratio 

It sought elastic recovery, as elastic recovery ratio whic 
h is acquired with thebelow-mentioned method 

[0032] With chuck spacing 20 cm you install fiber in t 
ensile tester, to elongation 20 % theelongation do 
with strain rate 20 cir/rnin and 1 minute leave. After 
this, you reset to original length (L) again with same 
rate,following displaced distance (residual elongation : 
U) of chuck with state where this time thestress catches 
to formula of reading and below, you sought. 

Elastic recovery ratio =(L -U) X 100/L 

[0033] 

[Working Example 1] Temperature rise it did dimethyl t 
erephthalate and 1,3 -propanediol gradually including 
blend (9 : l)of calcium acetate and cobalt acetate which 
are suitable to 0.1 wt% of theaddition and theory 
amount of polymer with mole ratio of 1 :2, 
transesterification corrpletedwith 240 °C 0. 1 wt% of 
theory amount of polymer it added titanium terra 
butoxide in ester exchange product whichis acquired, 
2 hours reacted with 270 °C. intrinsic viscosity of 
polymer which is acquired was 1 .6. oligomer amount 
was 0. 1 wt%, as for organic substance amount of 
molecular weight 30 0 or below, as for the330 ppm 
and melting point was 234 °C. 

[0034] After drying, polymer which is melted with 270 
°C making use ofthe spinneret which has hole of 
round cross section of 3 6, passing, theconstant 
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[0 0 3 5] MttOfettfi. Jtt^2 3 6°C, Tma x 1 1 4°C 
, 3£g6. Og/d, #g2 2%, SS¥2 3g/d, 5¥&[5) 



Q/R = 0. 28<0. 45 
[0036] 

0. 1 wt%$jBl**:gl*tttSttfll1 & S«l<05K«ttUiSL 
fc. 4#btif-/-K';7-a>^ijd'^-gi±3. 5wt%r*fcy. 

»*«3 0 0KT«>*«»*I4, 1 700ppm, 2 3 



[003 7] 

£ffofc£C5, &gte4. Og/d, #g2 3%t^of; 0 



[0038] 



tenperature tube of 120 °C of length 30 cm, filming 
doing polymer chip which itacqirires with spinning 
rate 300 nYirin, it drew up unstretched fiber. Next, 
unstretched fiber which is acquired draw twisting was 
done withthe hot roll 53 °C , hot plate 140 °C , 
draw ratio 4-fold and drawing velocity 600 nVrrin, 
drawn fiber of 50d/36fwas acquired 

[0035] Property of fiber, was melting point 236 °C , 
Tmaxll4°C, strength 6.0 gtt, the elongation 22%, 
elastic modulus 23 g/d and elastic recovery ratio 83 
%. In addition, QH became 0.28, it was possible to 
satisfythe Formula (1). 

QH=0.28<0.45 

[0036] 

[Comparative Example 1] Other than using titanium tetr 
a butoxide 0. 1 wt% as ester exchange catalyst, reaction 
which is smilarto Working Example 1 was repeated 
oligomer amount of polymer which is acquired was 3.5 
wt%, asfor organic substance amount of molecular 
weight 30 0 or below, as for 1 700 ppm and melting 
point was the233 °C. yarn-spinning was done 
making use of this polymer, but white organic 
substanceprecipitated to spinneret face, strength of 
fiber which is acquired was 4. 1 g'd 

[0037] 

[Comparative Example 2] Without using constant temp 
erature tube, when yarn-spinning was done with 
method whichis similar to Working Example 1 , 
intensity was 4.0 gtt and elongation 23%. 

[0038] 

[Effects of the Invention] High strength polyester fiber 
of this invention by comparison with poly 
trimethylene terephthalate fiber of prior public 
knowledge, isthe fiber where strength quite is high 
Because high strength polyester fiber where as for 
production method of this invention, 
rerminselongation is high simultaneously with high 
strength in comparison with the conventional poly 
trimethylene terephthalate fiber, holds low elastic 
modulus and high elastic recovery ratio can be 
produced, thehigh strength polyester fiber which is 
acquired can be applied to hosiery , tights , the judge , 
swimwear, rope, fishing net and sewing yarn etc. 
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